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This paper is devoted in the study of the hydrostatic equilibrium of stellar structure in the
framework of modified f(R, T ) gravity theory that allows the non-conservation of energy-momentum,
with possible implications for several cosmological and astrophysical issues such as the late-time
cosmic acceleration of the universe without appealing to exotic matter fields. For this purpose, we
consider the gravitational Lagrangian by taking an arbitrary function of the Ricci scalar and the
trace of the stress-energy tensor. We obtain a generic form for the gravitational field equations and
derive the field equation for f(R, T ) = R + 2χT . Here we propose a particular metric potential
Buchdahl ansatz [Phys. Rev. D 116, 1027 (1959)] in principle, of explaining almost all the known
analytic solution to the spherically symmetric, static Einstein equations with a perfect fluid source.
We argue that pressure isotropy equation for f(R, T ) is identical to that of the standard Einstein
gravity therefore all known metric potentials solving Einstein’s equations are valid here. However,
for the choice of f(T ) = 2χT one may observe that the pressure and energy density profiles are
markedly different. An important case, which is analyzed in detail, is the all possible Buchdahl
solutions for spherical equilibrium configuration in f(R, T ) gravity and compare them with standard
gravity theory. To support the theoretical results, graphical analysis are employed to investigate the
physical viability of compact stars. We find that Buchdahl solution in Einstein gravity and f(R, T )
gravity behave in a similar manner but in some situation Einstein gravity displays more pleasing
behavior than its f(R, T ) counterpart.
I. INTRODUCTION
Over the past decade, the late-time acceleration of the
universe has led to new perspectives and scenarios in the
field of modern cosmology and physics as a whole. Since
this discovery was confirmed by several independent ob-
servations (see [1–7] for a detailed discussion of the recent
astronomical observations). In order to explain the ac-
celerated expansion there exist two different approaches
to solve the debate. One is the existence of mysterious
dark energy (DE) and the other is the modified theories
of gravity (MTG) i.e. modifications of Einstein’s gen-
eralized theory of relativity. The idea of DE which has
negative pressure occupied approximately 70% of the en-
ergy density of our universe exists in a non-matter form.
The simplest example of the DE is the cosmological con-
stant Λ, as representing a constant energy density of the
vacuum which satisfy the cosmological observations [8].
But it is plagued by a severe energy scale problem if it
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originates from the vacuum energy appearing in particle
physics [9]. This problematic nature of cosmological con-
stant has motivated an intense research for alternative
theories of gravity extending the Einstein theory.
This motivates the search for an alternative gravity
theory that can address the present accelerating phase
of the universe. It has been shown that alternative pos-
sibility could give adequate description of cosmological
observations [10]. One of the simplest possible modifi-
cation is the f(R)-gravity [11], has attracted serious at-
tention possibly because of its (deceptive) simplicity. A
viable f(R) gravity, where f(R) is a generic function of
the Ricci scalar R. This theory comes into the game as a
straightforward extension of GR and to discuss an unified
picture of both inflation and the accelerated expansion in
more scientific ways [12–16]. In the same way, other al-
ternative theory of modified gravity has been introduced,
the so-called f(R, T )-gravity [17]. This theory is based
on the assumption of the gravitational field couples to the
trace T of the energy-momentum tensor of the matter.
An interesting aspect of f(R, T ) theory is that it may
provide an effective classical description of the quantum
properties of gravity. Apart from a better understand-
ing at the fundamental level some results have been ob-
tained with this theory. In an argument Houndjo [18]
2discussed transition of matter dominated era to an ac-
celerated phase by assuming a special form of function
f(R, T ) = f1(R) + f2(T ). The study of cosmological
solutions of f(R, T ) gravity was performed through the
phase space analysis [19]. The other motivation is re-
lated to reconstructing f(R, T ) gravity from holographic
dark energy; see, e.g. [20]. Other issues as, for exam-
ple, cosmological and solar System Consequences [21],
anisotropic cosmology [22, 23], non-equilibrium picture
of thermodynamics [24], a wormhole solution [25, 26] ,
and some other relevant aspects [27–29].
It is not possible to confirm or to disprove such the-
ories based only on cosmological models and compare
them with the observational data. In order to establish
such a new gravitational theory, it is important to study
on the astrophysical level, e.g. using the relativistic stars.
The physical properties of matter in strong gravitational
fields found in relativistic stars could discriminate stan-
dard gravity from its generalizations. Considering the
case of f(R, T ) gravity, a large number of works on the
evolution of compact stars are available in different lit-
erature. In this framework hydrostatic equilibrium con-
figuration of neutron stars and strange stars have been
studied [30]. The structure of compact stars in f(R, T )
gravity was investigated recently in refs. [31–34]. Fur-
thermore, gravitational vacuum condensate star (gravas-
tars) solution has been studied [35].
In a recent argument Hansraj and Banerjee [36] have
studied stellar models within the context of f(R, T ) grav-
ity, and showed that in some situation these theory dis-
plays more pleasing behavior than its Einstein counter-
part. Motivated by this we like to investigate the spher-
ical equilibrium configuration of pressure isotropy by as-
suming Buchdahl ansatz [37] for the metric potential. In
general such formalism makes Einstein’s field equations
more tractable and cover almost all physically tenable
known models of compact stars. Since one may regard
that Vaidya and Tikekar [38] particularized Buchdahl
ansatz by giving a geometric meaning, prescribing spe-
cific 3-spheroidal geometries (t=const.) for 4-dimensional
hypersurface. Note that this spheroidal condition has
been found very useful for finding exact analytic solu-
tions of the Einstein field equations in GR and have im-
portant applications ranging from singularity free inte-
rior solutions to the physical understanding of relativis-
tic phenomena [39]. Using this situation Kumar et al.
[40, 41] have found an exact solution to the EFEs with an
anisotropic matter distribution and admitting conformal
motion [42]. In the frame work of anisotropic hypothesis
“Buchdahl model” have been tested against astrophysical
compact stellar objects (for review, see [43]).
We will now proceed further and shall determine
the fundamental properties to the stellar structure that
should to be satisfied for the system of equations. These
constraints include:
• (a) Positivity and finiteness of pressure and energy
density everywhere in the interior of the star in-
cluding the origin and boundary:
0 < p <∞, 0 < ρ <∞
• (b) Inside the fluid sphere the pressure and den-
sity should be monotonic decreasing functions with
increasing radius. The pressure vanishes at the
boundary r = R:
dp
dr
≤ 0, dρ
dr
≤ 0, p(R) = 0
• (c) At the boundary of the star the interior solution
should be matched with the Schwarzschild exterior
solution, i.e. ds2− = ds
2
+. If follows
eν(R) = e−λ(R) = 1− 2M
R
.
• (d) Inside the fluid sphere the velocity of sound
should everywhere be less than the speed of light
0 ≤ v2 = dp
dρ
≤ 1.
• (e) The physical ways to characterize the energy
conditions which are:
– Null energy condition: ρ+ p > 0
– Weak energy condition: ρ > 0 and ρ+ p > 0
– Strong energy condition: ρ+ 3p > 0
should be satisfied.
• (f) The solution should be free from physical and
geometric singularities i.e. eν and eλ in the range
0 ≤ r ≤ R.
• (h) It is the Buchdahl limit [37] for a perfect fluid
sphere of radius R and mass M , if R/M ≥ 49 , then
there is no equilibrium solution whatsoever. The
impact of this upper bound is that one cannot pack
more matter into an object than the radius allows.
As noticed in [44], this upper bound is larger than
the Buchdahl-Bondi limit of GR in f(R) gravity,
whenever f(R) 6= R. Moreover, Chakraborty and
Sengupta [45] established that an extra-massive
stable star can exist in the context of Kalb-Ramond
field four dimensions spacetime.
As we regard the f(R, T ) gravity as an alternative the-
ory of gravity, it is always interesting to study most gen-
eral class of metric ansatz due to Buchdahl. Further for
a given star radius, we perform energy density, isotropic
pressure, the speed of sound as well as the weak, strong
and dominant energy conditions and discuss the unifica-
tion of GR and modified theories of gravity. This article
is organized as follow: Starting with a brief introduction
3in Sect. I, we make a review of the original f(R, T ) grav-
ity in Sect. II and present the formalism that allows us
to construct stellar structure for spherically symmetric
solutions Sect. III. In Sect. IV, the compact star models
in frame of modified gravity with f(R, T ) = R + 2χT ,
are investigated in detail. For compact stars we use a
well-known metric ansatz proposed by Buchdahl and find
its solutions. In continuation with this we derive the
field equations by using Gupta-Jasim two steps method
and studied solutions for positive and negative values of
Buchdahl parameter K. We show our results and discus-
sions in the same section and draw the final conclusions
in Sect. V.
II. f(R, T ) GRAVITY THEORY
In this section, we concisely review the viable modified
theory of gravity, as in the case of f(R, T ) gravity with
T being the trace of the stress-energy tensor, Tµν . The
full action is
S =
1
16pi
∫
f(R, T )
√−gd4x+
∫
Lm
√−gd4x, (1)
where f(R, T ) is the generic function of Ricci scalar R
with g is the determinant of the metric tensor gµν . We de-
fine the matter Lagrangian density, related to the energy-
momentum tensor as
Tµν = − 2√−g
δ(
√−gLm)
δgµν
, (2)
with the trace T = gµνTµν . Following the Ref [17], we
consider the case of Lagrangian density Lm of matter de-
pends only on the metric tensor components gµν . Con-
tracting Eq. (2) gives
Tµν = gµνLm − 2 ∂(Lm)
∂gµν
. (3)
Varying the action, (1) with respect to the metric gµν ,
one gets the general equations of motion
(Rµν −∇µ∇ν) fR(R, T ) +fR(R, T )gµν − 1
2
f(R, T )gµν
= 8pi Tµν − fT (R, T ) (Tµν +Θµν) , (4)
where fR(R, T ) = ∂f(R, T )/∂R and fT (R, T ) =
∂f(R, T )/∂T . The ∇µ denotes covariant derivative
which is associated with the Levi-Civita connection of
metric tensor gµν and box operator  is defined by
 ≡ ∂µ(
√−ggµν∂ν)/
√−g, and Θµν = gαβδTαβ/δgµν .
In order to reach the expression of the covariant deriva-
tive of the energy-momentum tensor and extract the
one of the algebraic function, we perform the covariant
derivative of Eq.(4) [46], as
∇µTµν = fT (R, T )
8pi − fT (R, T )
[
(Tµν +Θµν)∇µ ln fT (R, T )
+∇µΘµν − 1
2
gµν∇µT. (5)
It is straightforward to see that the stress-energy mo-
mentum tensor Tµν in f(R, T ) gravity is not conserved
as a view point of Einstein general relativity (GR) due to
presence of nonminimal matter-geometry coupling in the
formulation. By using Eq. (3), the tensor Θµν is defined
as
Θµν = −2Tµν + gµνLm − 2gαβ ∂
2Lm
∂gµν ∂gαβ
. (6)
Henceforth, in order to facilitate a direct comparison
with the work of Buchdahal [37], we follow his conven-
tions. For star configurations, one can assumes a spheri-
cally symmetric metric with coordinates (t, r, θ, φ) in the
following form
ds2 = −eν(r) dt2 + eλ(r)dr2 + r2(dθ2 + sin2 θ dφ2), (7)
where ν(r) and λ(r) are arbitrary functions of the radial
coordinate r only. The system of units here adopted is
such that G=c=1. We assume that the interior of star
is filled of a perfect fluid source and energy-momentum
tensor of the form
Tµν = (ρ+ p)uµuν − pgµν , (8)
where uν is the four velocity, satisfying uµu
µ = −1 and
uν∇µuµ = 0. Here, ρ is the matter density and p is
the isotropic pressure. Since, we choose a further as-
sumption, namely, Lm = −p , according to the definition
suggested in [17], the tensor (6) yields
Θµν = −2Tµν − p gµν . (9)
Being aware of this situation, we choose the algebraic
function f(R, T ) = R + 2χT , to determine the effective
stress-energy tensor [17], where χ denotes a coupling con-
stant. More specifically, using the linear expression and
Eq. (4), the Einstein tensor reduce to
Gµν = 8pi Tµν + χTgµν + 2χ(Tµν + p gµν) = 8piT˜µν .(10)
Note that field equations (4) are reduced to Einstein
field equations when f(R, T ) ≡ R. Studying such par-
ticular linear assumption has widely accepted to address
cosmological as well as astrophysical solutions. By sub-
stituting the value of f(R, T ) = R+ 2χT in Eq. (5), we
obtain
(8pi + 2χ)∇µTµν = −2χ
[
gµν∇µT + 2∇µ(p gµν)
]
.(11)
In that follows, if χ→ 0 one can recover the conserva-
tion principle of energy-momentum which played a cru-
cial role in Einstein’s gravitational theory. Nevertheless,
in the next section we focus our attention on a stellar
model that contain perfect fluid i.e. the flow of matter is
adiabatic, no heat flow, radiation, or viscosity is present.
4III. EINSTEIN FIELD EQUATIONS
Let us investigate the components of the field equations
for spherically symmetric line element (7), which are [36]
ρ˜ =
e−λ
8pi
(
− 1
r2
+
λ′
r
+
eλ
r2
)
, (12)
p˜ =
e−λ
8pi
(
1
r2
+
ν′
r
− e
λ
r2
)
, (13)
p˜ =
e−λ
32pi
(
2ν′′ + ν′2 − λ′ν′ + 2ν
′ − λ′
r
)
. (14)
with,
ρ˜ = ρ+
χ
8 pi
(3ρ− p),
p˜ = p− χ
8 pi
(ρ− 3p),
where the prime denotes differentiation with respect to
the radial coordinate r. Using Eqs. (12-14), one can
obtain another additional equation which is
ν′
2
(p+ ρ) +
dp
dr
=
χ
(8pi + 2χ)
(p′ − ρ′). (15)
Note that Eq.(15) reduces to the hydrostatic condition
equilibrium of general relativity when χ = 0. Now, using
Eqs. (12) and (13), we rewrite the modified equations in
terms of pressure (p) and energy density (ρ), which are
ρ =
pi
(8pi2 + 6piχ+ χ2)
[(8pi + 3χ) ρ˜ + χ p˜ ], (16)
p =
pi
(8pi2 + 6piχ+ χ2)
[(8pi + 3χ) p˜ + χ ρ˜ ]. (17)
while the equation of pressure isotropy G11 = G
2
2 reduces
to
r2 (2ν′′ + ν′2 − ν′λ′)− 2r(ν′ + λ′) + 4(eλ − 1) = 0. (18)
Interestingly the isotropy equation for f(R, T ) gravity
is the same for the ordinary Einstein’s equations with a
perfect fluid source. The mass of the star is now due to
the total contribution of the energy density of the matter
and that can be determined by the Eq. (12). The mass
takes the new form as
m = 4pi
∫ r
0
ρ r2 dr =
4 pi2 (8pi + 3χ)
(8pi2 + 6piχ+ χ2)
∫ r
0
ρ˜ r2 dr
+
4 pi2 χ
(8pi2 + 6piχ+ χ2)
∫ r
0
p˜ r2 dr, (19)
In this regard, constant parameter χ plays an important
role for determining the stellar structure. Classically, the
f(R, T ) gravity recovers the same physics as the general
relativity with χ= 0. Observing the Eq. (18), which
serves as the master differential equation in this analysis
contains two necessary constants of integration. How-
ever, one can accommodate the constants in terms of the
mass M and radius R of the distribution by solving the
linear matching equations.
As usual, all astrophysical objects are immersed in vac-
uum spacetime and at the juncture interface we match
the interior spacetime to an appropriate exterior vacuum
region. Assuming the solution in the exterior of a star to
be Schwarzschild solution,
ds2 = −
(
1− 2M
r
)
dt2 +
dr2
1− 2M
r
+ r2(dθ2 + sin2 θdφ2),
(20)
where M is the total mass within a sphere of radius R.
e−λ(R) = eν(R) = 1− 2M
R
. (21)
The boundary condition of the functions λ and ν at
the surface of the star are determined by relation (21). In
next, we will investigate stellar structure with Buchdahl
assumption as a metric potential in the f(R, T ) theory
to solve the field equations.
IV. THE BUCHDAHAL SOLUTIONS
The Buchdahl solution was generated through a math-
ematical ansatz on the static, spherically symmetric fluid
spheres of Einstein’s equations by Buchdahl [37], which
cover almost all physically tenable known models. The
widely studied metric ansatz given by [43]
eλ =
K (1 + Cr2)
K + Cr2
, when K < 0 and K > 1, (22)
where K and C are two parameters that characterize
the geometry of the star. Here, we extend following work
[43], which was devoted in describing a class of relativistic
stellar solutions for generalized Buchdahl dimensionless
parameter K.
An interesting aspect of the Buchdahl solution is that
one can recover the interior Schwarzschild solution when
K = 0 and for K = 1 the hypersurfaces {t = constant}
are flat. Further, if we assume C = −K/R2, one can
recover the Vaidya and Tikekar [38] solution and for
K = −2 we recover Durgapal and Bannerji [47]. Sev-
eral authors [40, 48, 49] subsequently proved that it was
a viable physical solution, and showed that it could be
used to classify some of the previously known exact so-
lutions.
In order to solve the field equations (12-14), we in-
troduce the transformation eν = Ψ2 and ξ =
√
K+Cr2
K−1
[39, 41]. To be more clarified, we consider the Gupta-
Jasim [49] (see Refs. [43] for complete discussion) two
step method for solving the system of equations. Start-
ing with the pressure isotropic Eq. (18), and using Eq.
(22) the corresponding differential equation will then
(1− ξ2) d
2Ψ
dξ2
+ ξ
dΨ
dξ
+ (1−K)Ψ = 0, (23)
In this framework we consider mainly two cases for the
spheroidal parameter K with C > 0.
5Case I. For K < 0 i.e K is negative
Now differentiate the Eq. (23) with respect to ξ and
use another substitution ξ = sinx and dΨ
dξ
= Y , then we
have
d2Y
dx2
+ (2−K)Y = 0, for K < 0, ξ = sinx, (24)
where dY
dx
= cosx d
2ψ
dξ2
and d
2Y
dx2
= cos2 x d
3ψ
dξ3
− sinx d2ψ
dξ2
,
respectively. The above Eq. (24) is a homogeneous differ-
ential equation of second order with constant coefficients.
In this case Eq. (24) leads to
Y (x) = a1 sin(nx) + b1 cos(nx), if 2−K = n2, K < 0(25)
where a1 and b1 are arbitrary constants of integration.
To obtain the complete solution we re-substitute dΨ
dξ
= Y
and d
2Ψ
dξ2
= dY
dx
dx
dξ
into hypergeometric Eq. (23), we get
Ψ as
Ψ(x) =
sinx[b1 + a1 tan(nx)]− n cosx[b1 tan(nx)− a1]
sec(nx)(1 − n2) ,(26)
where n =
√
2−K and K < 0.
We calculate in detail the components of Eqs. (12-13)
using the Eqs. (28) and (22), and we find
ρE =
C [3−K + (K − 1) sin2 x]
8 piK (K − 1) cos4 x , (27)
pE =
C
8 piK cos2 x
[
2 sinx [a1 tan(nx) + b1]
(1−K)Ψ(x) sec(nx) + 1
]
, (28)
where ρE and pE are the Einstein energy density and
pressure, respectively. When the Einstein metric com-
ponents are inserted into the f(R, T ) counterparts we
obtain
ρf =
C
(8pi2 + 6piχ+ χ2)
[
(8pi + 3χ) [3−K + (K − 1) sin2 x]
8K (K − 1) cos4 x +
χ [2 Ωf1(x) + (1−K)Ψ(x)]
8K (1 −K)Ψ(x) cos2 x
]
, (29)
pf =
C
(8pi2 + 6piχ+ χ2)
[
χ [3−K + (K − 1) sin2 x]
8K (K − 1) cos4 x +
(8pi + 3χ) [2 Ωf1(x) + (1−K)Ψ(x)]
8K (1−K)Ψ(x) cos2 x
]
. (30)
for the dynamical quantities with Ωf1(x) =
sinx [a1 sin(nx) + b1 cos(nx)].
Let us study models of relativistic compact stars de-
pending on two parameters K and χ, and keeping the
other parameters same for f(R, T ) gravity and as of GR
(when χ→ 0). The behavior of the energy density ρ, the
radial pressure p and the massm/M⊙ as a function of the
radial coordinate are presented in Fig. (1-3) for different
values of χ. Finally, we move on to describe the results
obtained from our calculations, which are illustrated in
Figs. (1-2), for the GR case (χ = 0) and for the f(R, T )
gravity ( different values of χ). As one can see from Fig. 1
that the pressure (energy density) inside the star is pos-
itive and monotonically decreasing function towards the
boundary, and reaches the value zero on the star surface.
The mass-radius relation is represented in Fig. 2 (left
panel). Note that if the radius is increasing with the
mass, the M/R ratio is also increasing, but much slower
for the greater values of χ. But it is worth noticing that
the maximummass attended from standard GR for χ = 0
as evident in Table I. As a result GR has profound effects
on the critical mass of compact stars. For the case of
modified gravity the effect caused by the term 2χT which
affects the structure of the star.
The stellar configurations have been analyzed for sev-
eral values of the important physical parameters in the
tabular format (see Table I). The properties of this class
of stars have been obtained by solving the system of Eqs.
(27-30) for the χ =0, 0.4, 0.6, 0.8 and 1, respectively
with K = −0.4 after arduous fine tuning. Interestingly,
a stellar mass of M = 1.3M⊙, the pressure value zero on
the star surface goes as high as 8.997, 9.069, 9.141 and
9.211, for increasing the value of χ i.e. the radius of star
increasing. One can see from Table I that the deviation
of the central density and pressure from General Relativ-
ity, in principle, is higher than the f(R, T ) model. In the
plots the dash-dotted black curve for GR case, while the
other curves represent the modified gravity throughout
this work.
In order to go further we compare the structure of the
stars in f(R, T ) gravity and standard GR we have also
obtained, and presented, energy conditions and physical
quantities, respectively. In the case of energy conditions
according to classical field theories of gravitation, we have
analyzed the properties of the the null energy (NEC),
weak energy (WEC), strong energy (SEC) and dominant
energy conditions (DEC), respectively. It is interesting to
point out that all conditions hold simultaneously in the
framework of modified and classical gravity, as evident in
Fig. (2-3). We have used the same parameters values as
indicating in Fig. 1.
A more physical model should automatically account
for sound speed for perfect fluid distribution. It is obvi-
ous that the velocity of sound is less than the velocity of
light i.e. 0 < v2 = dp/dρ < 1. For our stellar model the
speed of sound are given by (for both cases)
6FIG. 1. The energy density and pressure against radial coordinate have been plotted for modified gravity model f(R, T ) and
in GR for comparison for some different values χ and fixed negative value of K = −0.4. For plotting we consider χ = 0 (
dash-dotted black curve for GR case) reveals that for a mass of M = 1.3M⊙, the radius goes upto R = 8.849 Km, whereas
χ = 0.4, 0.6, 0.8 and 1 the radius goes as high as 8.997, 9.069, 9.141 and 9.211, respectively. In all cases, it is considered the
constant C = 1.8047 × 10−3km−2.
FIG. 2. Gravitational mass versus radius (left diagram) and energy condition (right diagram) have been plotted. For NEC is
determined by the condition ρ+ p > 0 (see introduction). We have employed the same data set as used in Fig. 1.
FIG. 3. The SEC and DEC against the radius of the star have been plotted on the left and right panels for some values of χ.
Of course, the physical form of the WEC is straightforward: total energy density of matter field ρ > 0 and satisfied ρ+ p > 0.
7FIG. 4. The velocity of sound versus radius have been plotted for χ = 0 (dash-dotted black curve) χ = 0.4 (dash-dotted red
curve), χ = 0.6 (dash-dotted green curve), χ = 0.8 (small dash-dotted black curve) and χ = 1 (yellow curve).
(
dp
dρ
)
E
=
(1−K) [2Ωf2(x) − a1
(
sin(2nx)(a1 n+ 3 b1 n
2 tanx+ 2 b1 tan
3 x) + 2Ωf3(x)
)
] cotx cos4 x
[K − 9 + (K − 1) cos(2x)] [ sin(x)[b1 cos(nx) + a1 sin(nx)] + n cosx (a1 cos(nx)− b1 sin(nx))]2 , (31)(
dp
dρ
)
f
=
−(8pi + 3χ)Ωf11(x) + 2χ tanx− χΩf12(x) +
[
χΩf12(x) + (8pi + 3χ)2 tanx
(
1− Ωf13(x)
)]
−χΩf11(x) + 2 (8pi + 3χ) tanx− (8pi + 3χ)Ωf12(x) +
[
(8pi + 3χ)Ωf12(x) + 2χ tanx
(
1− Ωf13(x)
)] ,(32)
where we have put
Ωf2(x) = (1/2) b
2
1 n sec
2x sin(2nx) + cos2(nx) [−a1 b1 n+ (a21 − b21)n2 tanx− b21 tan3 x], Ωf3(x) = 2 sin2(nx)[−b1 n+
a1 tan
3 x + b1 n
2 tanx tan(nx)− n tan2 x(2b1 + a1 tan(nx))] + 2n tanx [tanx
(
b1 + a1 tan(nx)
)
+ n
(
a1 − b1 tan(nx)
)
]
Ωf4(x) = n [2 a1 b1 cos(2nx) + (a
2
1 + b
2
1)n sin(2 x) + (a
2
1 − b21) sin(2nx)],
Ωf5(x) = sinx [b1 cos(nx) + a1 sin(nx)] + n cosx [a1 cos(nx)− b1 sin(nx)], Ωf6(x) = 2 cos(nx) sin x[b1 + a1 tan(nx)],
Ωf11(x) =
Ωf4(x)
[Ωf5(x)]
2
, Ωf12 (x) =
[−5 +K + (K − 1) cos(2 x)] tan(x)
cos2 x (K − 1) , Ωf13(x) =
Ωf6(x)
Ωf5(x)
.
In our analytical approach, we use graphical represen-
tation to represent the velocity of sound due to complex-
ity of the expression. In this case, we clearly observe form
Fig. 4 that velocity of sound is decreasing away from the
centre. Note that for GR case the sound speed is more
closer to the velocity of light, but for this situation is
more realistic for f(R, T ) gravity.
Case II. For 0 < K < 1 i.e. K is positive
Here, we will report the solution for 0 < K < 1. As
already mentioned that the energy density for Buchdahal
model in GR is ρ˜ = 4C(K−1)(3+Cr
2)
32pi(1+Cr2)2 . It is explicitly seen
that in the limit of 0 < K < 1, one may observe that the
energy density is negative due to the presence of (K − 1)
term. Therefore, given the value of K, obtained solution
is not physically valid in GR.
Now, the density expression for f(R, T ) gravity could
be determined by Eq. (16) which involves the pressure
term also. On the other hand, pressure is involves the
metric potential eν and eλ. However in determining the
metric potential ν by solving of hypergeometric Eq. (23)
we have to use the transformation ξ =
√
K+Cr2
K−1 . It is
worth noticing that the transformation is not valid under
the square root of 0 < K < 1, as there is no real solution.
This implies that the pressure will not be physically valid.
Therefore, such an analysis for GR and f(R, T ) gravity,
however, is not physically valid.
Case III. For K > 1 i.e. K is positive
In order to conduct further investigations, we extend
our analysis for positive values of K. With the purpose
of solving the Eq. (23), we use the substitution dΨ
dξ
= Y ,
and ξ = cosh y. Thus, we have
d2Y
dy2
+ (K − 2)Y = 0, for K > 1, ξ = cosh y. (33)
This is a homogeneous differential equation of second or-
der with constant coefficients. Now, we will classify the
8TABLE I. Comparative study of physical values of the compact star in f(R, T ) gravity and GR for C = 1.8047 × 10−3Km−2,
mass = 1.3M⊙ and K = −0.4 for different χ.
χ Radius Central pressure Central density Surface density M −R Ratio Surface redshift
R(km) peffc (10
33dyne/cm2) ρeffc (10
13gm/cm3) ρeffs (10
13gm/cm3) 2M
R
(Z)
0.0 8.849 6.86953 4.04882 3.25466 0.433382 0.32846
0.4 8.997 6.60441 3.87546 3.08524 0.42626 0.343669
0.6 9.069 6.48504 3.79428 3.00643 0.42286 0.35131
0.8 9.141 6.37628 3.71647 2.93103 0.41954 0.35910
1.0 9.211 6.27274 3.64184 2.85910 0.41635 0.36684
solution to the following cases
Case IIa: Y (y) = a2 cos(my) + b2 sin(my), if K − 2 = m2 and K > 2. (34a)
Case IIb: Y (y) = c2 cosh(my) + d2 sinh(my), if 2−K = m2 and 1 < K < 2. (34b)
Case IIc: Y (y) = e2 + f2 y, if 2−K = 0. (34c)
where a2, b2, c2, d2, e2 and f2 are arbitrary constants of
integration with y = cosh−1 ξ = cosh−1
√
K+Cr2
K−1 . For
simplification we substitute dΨ
dξ
= Y and d
2Ψ
dξ2
= dY
dy
dy
dξ
into hypergeometric Eq. (33), we get Ψ as,
Case IIa:Ψ(y) =
[a2 cos(my) + b2 sin(my)] +m tanh y [a2 sin(my)− b2 cos(my)]
(K − 1) sechy , m =
√
K − 2 and K > 2, (35a)
Case IIb:Ψ(y) =
m tanhx [c2 sinh(my) + d2 cosh(my)]− [d2 sinh(my) + c2 cosh(my)]
(1−K) sechx , m =
√
2−K and 1 < K < 2, (35b)
Case IIc:Ψ(y) = f2 [y cosh y − sinh y] + e2 cosh y, K = 2. (35c)
where, Ψ2(x) = cosh(my) + d2 sinh(my). Recalling the
Eqs. (12) and (13) and plugged into the relevant equation
we obtain the expression of energy density and pressure
corresponding to Einstein and f(R, T )- gravity for three
separate cases, as follows
1. Case IIIa: K − 2 = m2, and K > 2
Let us now improve the above considerations by taking
into account f(R, T ) models with constant χ 6= 0.
Thus, positive K-value provides a further set of ex-
pression for pressure and density, which are given by
ρE =
C [3−K + (K − 1) cosh2 y]
8 piK (K − 1) sinh4 y , (36)
pE =
C
8 piK sinh2 y
[
2 [a2 cos(my) + b2 sin(my)]
(K − 1)Ψ(y) sech y − 1
]
, (37)
ρf =
C
(8pi2 + 6piχ+ χ2)
[
(8pi + 3χ)[3−K + (K − 1) cosh2 y]
8K (K − 1) sinh4 y +
χ
8K sinh2 y
(
2 [a2 cos(my) + b2 sin(my)]
(K − 1)Ψ(y) sech y − 1
)]
,(38)
pf =
C
8 (8pi2 + 6piχ+ χ2)K
[
χ [3−K + (K − 1) cosh2 y]
8K (K − 1) sinh4 y +
(8pi + 3χ)
8K sinh2 y
(
2 [a2 cos(my) + b2 sin(my)]
(K − 1)Ψ(y) sech y − 1
)]
. (39)
The sound speed index is given by
9(
dp
dρ
)
E
=
(K − 1) tanh y [a2 cos(my) + b2 sin(my)] [−2 b2m cos(my) + 2 a2m sin(my) + ΩE21(y)
]
[9−K + (K − 1) cosh(2 y)] [− b2m cos(my) + a2m sin(my) + coth y (a2 cos(my) + b2 sin(my))]2 , (40)(
dp
dρ
)
f
=
χ
(
2 coth y cschy + 3Ωf21(y)
)− (8pi + 3χ) (Ωf22(y) + Ωf23(y))− coth(y) [χΩf24(y) + (8pi + 3χ)Ωf24(y)]
(8pi + 3χ)
(
2 coth y cschy − 3Ωf21(y)
)− χ (Ωf22 (y)− Ωf23(y))− coth(y)[(8pi + 3χ)Ωf24(y) + χΩf24 (y)] , (41)
where,
ΩE21(y) = [
(
1−m2 + (1 +m2) cosh(2 x)) coth(x)(a2 cos(mx) + b2 sin(mx)], Ω1(y) = [a2 cos(my) + b2 sin(my)],
Ω2(y) = m [a2 sin(my)− b2 cos(my)], Ω4(y) = cosh yΩ1(y) + Ω2(y) sinh y,
Ω3(y) = [b2m cos(my) + a2 cos(my) coth y − a2m sin(my) + b2 coth y sin(my)] sinh y,
Ωf21 (y) =
(3 −K + (K − 1) cosh2 y)
(K − 1) sinh3 y tanh y , Ωf22(y) =
(1 +m2)Ω1(y)Ω3(y)
[Ω4(y)]2
, Ωf23(y) =
(m2 + csch2y)Ω1(y) + coth yΩ2(y)
(Ω4(y)
.
In this framework, let us now discuss the stellar struc-
ture with aim to study the physical validity and stability
of the system under the f(R, T ) gravity.
The energy density and pressure versus distance from
the center of the star have been plotted for each χ are
given in Fig. 5. As one can see that pressure and density
for both Einstein and f(R, T ) model are maximum at the
center and decreases monotonically towards the bound-
ary. Fig. 5 confirms a well-behaved positive definite den-
sity. With the choice of the free parameters and depend-
ing on matter content, one can increase and decrease the
radius of the stellar structure. For illustrating we assume
that M = 1.3M⊙, the constant C= 2.373 × 10−2km−2.
According to the results we observe that for χ = 0 the
radius goes upto R = 8.849 Km, whereas χ = 0.4, 0.6, 0.8
and 1 the radius goes as high as 9.089, 9.208, 9.327 and
9.411, respectively when the pressure at the surface of the
star is equal to zero p(r = R) = 0. In Table II, we show
the central density, central and surface pressure against
the total radius for some different values of χ. Note that
the energy density and pressure are in the same order of
magnitude only near the centre of the star.
In order to analyze the mass function (20), we inte-
grate the system of equation considering many different
values of χ. We omit the mass expressions as they are
lengthy. Fig. 6 shows the behavior of the total mass, nor-
malized in solar masses versus the radius of the star. We
find that variation in the parameters and bring significant
changes to central density and pressure, without bring-
ing any huge effect to mass-radius relation, see Table II.
From Fig. 6 and Table II we observe that the maximum
gravitational mass M = 1.3M⊙ attended from standard
GR when χ = 0 with radius R = 8.849 km.
On the other hand, analyzing the Figs. 6 and 7, we find
that the energy conditions in both cases are well behaved
inside the star. In Fig. 8, one can see the sound speed
in both cases are satisfied. Surprisingly the maximum
velocity, as seen from the models, is lowest for ordinary
GR case (when χ =0) obtained using the values enlisted
in Figs. 5.
2. Case IIIb: 2−K = m2, and 1 < K < 2
Here, we will analyze the model for 1 < K < 2, and
compare the obtained results for K > 2. Under these
assumptions, Eqs. (35b) and (23) lead to the following
set of equations
ρE =
C [3−K + (K − 1) cosh2 y]
8 piK (K − 1) sinh4 y , (42)
pE =
C
8piK sinh2 y
[
2[c2 cosh(my) + d2 sinh(my)]
(K − 1) sech yΨ(y) − 1
]
, (43)
ρf =
C
(8pi2 + 6piχ+ χ2)
[
(8pi + 3χ)[3−K + (K − 1) cosh2 y]
8K (K − 1) sinh4 y +
χ
8K sinh2 y
(
2 [c2 cosh(my) + d2 sinh(my)]
(K − 1) sech yΨ(y) − 1
)]
,(44)
pf =
C
(8pi2 + 6piχ+ χ2)
[
χ [3−K + (K − 1) cosh2 y]
8K (K − 1) sinh4 y +
(8pi + 3χ)
8K sinh2 y
(
2 [c2 cosh(my) + d2 sinh(my)]
(K − 1) sech yΨ(y) − 1
)]
, (45)
and the sound speed index inside the fluid is given by
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FIG. 5. The energy density (left panel) and pressure (right panel) diagram in model f(R, T ) = R+2χT and in GR for compact
stars with K = 3, M = 1.3M⊙ and C = 2.373 × 10
−2km−2. We find that for χ = 0 ( dash-dotted black curve for GR case)
the radius goes upto R = 8.849 Km, whereas χ = 0.4, 0.6, 0.8 and 1 the radius goes as high as 9.089, 9.208, 9.327 and 9.411,
respectively.
FIG. 6. Gravitational mass m(r) and Null energy condition (right diagram) have been plotted. The dash-dotted black curves
are the solutions of GR case, while the others for f(R, T ) model. From a rapid inspection of these plots, the differences between
GR and f(R, T ) gravitational mass are clear and the tendency is that at larger radius GR takes more masses.
FIG. 7. This diagram is for SEC and DEC against the radius of the star for different chosen values of χ.
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FIG. 8. The sound speed obtained for parameters as on Fig. 6.
TABLE II. Comparative study of physical values of the compact star in f(R, T ) gravity and GR for C = 2.373 × 10−2Km−2,
mass = 1.3M⊙ and K = 3 for different χ.
χ Radius Central pressure Central density Surface density M −R Ratio Surface redshift
R(km) peffc (10
34dyne/cm2) ρeffc (10
14gm/cm3) ρeffs (10
13gm/cm3) 2M
R
(Z)
0.0 8.849 1.42038 1.01406 2.01018 0.433382 0.32852
0.4 9.089 1.46946 0.9703249 1.82605 0.42194 0.33805
0.6 9.208 1.49081 0.949973 1.74261 0.41648 0.34271
0.8 9.327 1.51038 0.930537 1.66410 0.41116 0.34731
1.0 9.411 1.52231 0.911931 1.601346 0.4075 0.35053
(
dp
dρ
)
E
=
2 (1−K) sinh4 y [ΩE22(y) + c22m cosh(my) csch2y sinh(my)− d2 csch2y coth y sinh(my)ΩE23(y)]
[9−K + (K − 1) cosh(2 y) coth y ] [Ω5(y)]2 , (46)(
dp
dρ
)
f
=
χ [2 coth y cschy − 3Ωf21(y)] + (8pi + 3χ) [Ωf31(y) + Ωf32(y)]− coth y [χΩf21(y) + (8pi + 3χ) Ωf33(y)]
(8pi + 3χ) [2 coth y cschy − 3Ωf21(y)] + χ [Ωf31(y) + Ωf32(y)]− coth y [(8pi + 3χ)Ωf21(y) + χΩf33(y)]
.(47)
with
ΩE22(y) = cosh
2(my) [−c2 d2m csch2y + coth y
(
2 d22m
2 + c22 (−1 +m2)− c22 csch2y
)
],
ΩE23(y) = (1/2) [1−m2 + (1 +m2) cosh(2 y)] [2 c2 cosh(my) + d2 sinh(my)] +m[−2c2 sinh2(my) + d2 sinh(2my)],
Ω5(y) = m sinh y [d2 cosh(my) + c2 sinh(my)]− cosh(y)[c2 cosh(my) + d2 sinh(my)],
Ω6(y) = cosh(my)[d2m coth y + c2 (m
2 − csch2y)] + (c2m coth y + d2 [m2 − csch2y)] sinh(my),
Ω7(y) = (m
2 − 1) sinh y [cosh(my)(d2m+ c2 coth(y)) + (c2m+ d2 coth y) sinh(my)] [c2 cosh(my) + d2 sinh(my)],
Ω8(y) = cosh(my)(d2m+ c2 coth y) + (c2m+ d2 coth y) sinh(my),
Ωf31 (y) = Ω6(y)/Ω5(y), Ωf32(y) = Ω7(y)/(Ω5(y))
2, Ωf33(y) = Ω8(y)/Ω5(y).
For this particular model, Fig. 9 indicate evolutions of
the energy density and isotropic pressure, respectively. It
can be seen that density and pressures are monotonically
decreasing functions of the radial variable r which is ex-
pected from Buchdahal model of GR [43]. Comparing
f(R, T ) gravity with the previous model ( K > 2), one
can see that both density and pressures decreases more
rapidly towards the boundary. An important aspect of
stars is that the energy density at centre and surface are
in the same order of magnitude only near the centre of
the star (see Table III). Comparing both the Table II
and III, one can conclude that for a given radius with
1 < K < 2 the star is most compact, as the central den-
sity is of order ∼ 1015gm/cm3.
Since one of the goals is the search for stellar model,
we have chosen a particular mass (in normalized form)
M = 1.3M⊙ with the constant C = 1.1493 km
−2. For
larger values of χ = 1 the convergence is slower and the
radius goes upto 9.827, as of Fig. 9. Comparing this re-
sults with our previous model, one can observe that grav-
itational mass increases in a rate with much faster than
K > 2 model. It is noticeable that the mass-radius re-
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lation differs significantly from the corresponding in GR
for reasonably high value of χ.
When the parameters are fixed as mentioned, we inves-
tigate the energy conditions as shown next in Figs. 10
and 11 for different values of χ. In figures it is observed
that all energy conditions are obeyed. The variation of
square of sound speed is displayed in Figs. 12. It can be
noticed that the square of sound speed is less than unity
throughout the star.
3. Case IIIc: 2−K = 0
We next analyze the result for K = 2. The density
and pressure for the Einstein as well as f(R, T ) gravity
are given by
ρE =
C [3−K + (K − 1) cosh2 y]
8 piK (K − 1) sinh4 y , (48)
pE =
C
8 pi
[
2 cosh y (f2 y + e2)− (K − 1)Ψ(y)
K (K − 1) sinh2 yΨ(y)
]
, (49)
ρf =
C
(8pi2 + 6piχ+ χ2)
[
(8pi + 3χ)[3−K + (K − 1) cosh2 y]
8K (K − 1) sinh4 y +
χ
8K
(
2 cosh y (f2 y + e2)− (K − 1)Ψ(y)
(K − 1) sinh2 yΨ(y)
)]
, (50)
pf =
C
(8pi2 + 6piχ+ χ2)
[
χ [3−K + (K − 1) cosh2 y]
8K (K − 1) sinh4 y +
(8pi + 3χ)
8K
(
2 cosh y (f2 y + e2)− (K − 1)Ψ(y)
(K − 1) sinh2 yΨ(y)
)]
, (51)
where,
Ωf2(x) = (1/2) b
2
1 n sec
2x sin(2nx) + cos2(nx) [−a1 b1 n+ (a21 − b21)n2 tanx− b21 tan3 x], Ωf3(x) = 2 sin2(nx)[−b1 n+
a1 tan
3 x + b1 n
2 tanx tan(nx)− n tan2 x(2b1 + a1 tan(nx))] + 2n tanx [tanx
(
b1 + a1 tan(nx)
)
+ n
(
a1 − b1 tan(nx)
)
]
Ωf4(x) = n [2 a1 b1 cos(2nx) + (a
2
1 + b
2
1)n sin(2 x) + (a
2
1 − b21) sin(2nx)],
Ωf5(x) = sinx [b1 cos(nx) + a1 sin(nx)] + n cosx [a1 cos(nx)− b1 sin(nx)], Ωf6(x) = 2 cos(nx) sin x[b1 + a1 tan(nx)],
Ωf11(x) =
Ωf4(x)
[Ωf5(x)]
2
, Ωf12 (x) =
[−5 +K + (K − 1) cos(2 x)] tan(x)
cos2 x (K − 1) , Ωf13(x) =
Ωf6(x)
Ωf5(x)
.
The square of the acoustic speed dp/ dρ becomes
(
dp
dρ
)
E
=
2 [2 (2−K) f2 (e2 + f2y) coth2 y + (K − 2) (e2 + f2 y)2 coth3 y +Ω9(y)]
[9−K + (K − 1) cosh(2 y)] coth y csch4y [(e2 + f2y) cosh y − f2 sinh y]2
, (52)
(
dp
dρ
)
f
=
2χ [(K − 1) coth y − Ω10(y)] + (8pi + 3χ) [Ωf41(y) + Ωf42(y)]− 2[χΩ10(y)− (8pi + 3χ) coth yΩf43(y)]
2 (8pi + 3χ) [(K − 1) coth y − Ω10(y)] + χ [Ωf41(y) + Ωf42(y)]− 2 [(8pi + 3χ)Ω10(y)− coth yΩf43(y)]
.(53)
where,
Ω9(y) = f2 (e2 + f2 y)csch
2y − coth y [e22 + 2 e2 f2 y + f22 (2−K + y2) + (e2 + f2 y)2 csch2y],
Ω10(y) = [3−K + (−1 + a) cosh(y)2] coth(y) csch2y, Ω11(y) = [(K − 3)(e2 + f2 y) cosh y − (K − 1) f2 sinh y],
Ω12(y) = (e2 + f2 y) cosh y − f2 sinh y, Ω13(y) = [2 f2 cosh y − (K − 3) (e2 + f2 y) sinh y],
Ωf41(y) = (e2 + f2 y) sinh yΩ11(y)/[Ω12(y)]
2, Ωf42(y) = Ω13(y)/Ω12(y), Ωf43(y) = Ω11(y)/Ω12(y).
In Fig. 13, for each value of χ we have the solution for
positive definite density and pressure which is also mono-
tonic decreasing towards the boundary. In the left hand
of Fig. 14 variations of mass with respect to the distance
from the center of a star, which follows this model, are
shown. It is seen that due to coupling parameter, the
effective mass and pressure of the star change (see Table
IV). The differences between GR and f(R, T ) gravita-
tional mass is clear from the figures and the tendency
is that at progressively decreasing values of χ, f(R, T )
model acquire more mass but less than GR. Considering
Fig. 13 and 14, and the above Eqs. (48-51), our results
are given in Table IV.
According to Fig. 15, we observe that all energy con-
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FIG. 9. The energy density and pressure diagram in model f(R, T ) gravity and in GR for compact stars with K = 1.78,
M = 1.3M⊙ and C = 1.1493 km
−2. We find that for χ = 0 ( dash-dotted black curve for GR case) the radius goes upto
R = 8.849 Km, whereas χ = 0.4, 0.6, 0.8 and 1 the radius goes as high as 9.242,9.437, 9.632 and 9.827, respectively.
FIG. 10. Variation of mass (left diagram) and null energy condition (right diagram) have been plotted. We have used the same
data set as of Fig. 9.
FIG. 11. This diagram is for SEC and DEC against the radius of the star for different chosen values of χ.
ditions are satisfied. So, our assumption for star model
introduced in this paper is suitable. The speed of sound
is defined through the Eqs. (52-53), and in the graphic
of Fig. 16 we plot the speed of sound.
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FIG. 12. The sound speed obtained for parameters as on Fig. 9.
TABLE III. Comparative study of physical values of the compact star in f(R, T ) gravity and GR for C = 1.1493Km−2 , mass
= 1.3M⊙ and K = 1.78Km for different χ.
χ Radius Central pressure Central density Surface density M −R Ratio Surface redshift
R(km) peffc (10
35dyne/cm2) ρeffc (10
15gm/cm3) ρeffs ( 10
13gm/cm3) 2M
R
(Z)
0.0 8.849 5.26129 3.22822 1.20854 0.433382 0.32848
0.4 9.242 4.49111 3.08869 1.05655 0.41496 0.32895
0.6 9.437 4.58570 3.02382 0.990379 0.40638 0.32916
0.8 9.632 4.66868 2.96189 0.929627 0.39816 0.32936
1.0 9.827 4.74127 2.90269 0.873750 0.35926 0.32954
FIG. 13. The energy density and pressure versus radii have been plotted for different values of χ and fixed positive value of
K = 2. For plotting we consider χ = 0 ( dash-dotted black curve for GR case) reveals that for a mass ofM = 1.3M⊙, the radius
goes upto R = 8.849 Km, whereas χ = 0.4, 0.6, 0.8 and 1 the radius goes as high as 9.171,9.331, 9.491 and 9.651, respectively.
In all cases, it is considered the constant C = 0.831 km−2.
V. FINAL REMARKS
The Buchdahl [37] solution, a well-known exact ana-
lytic solution to the spherically symmetric, static Ein-
stein equations for perfect fluid distribution of matter.
In this paper, our objective is to examine the viability
of Buchdahl models in the framework of (R, T ) gravity
and compare the results with normal GR solutions. In
our previous article, we examine the Buchdahl model for
anisotropic fluid sphere [43] and showed that one can ob-
tain an analytic solution to the Einstein equations for
positive and negative values of Buchdahl parameter K.
As the pressure isotropy equation (18) is preserved in
both gravity theories, the same metric potentials are
valid.
Depending on the parameters of the model K and χ,
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FIG. 14. Mass-radius relations in the GR and in the f(R, T ) gravity are shown. The NEC (right diagram) is determined by
the condition ρ+ p > 0. We consider the same data set as of Fig. 13.
FIG. 15. Variation of the SEC and DEC versus radius have been plotted for χ = 0.4, 0.6, 0.8 and 1.
FIG. 16. Variation of square of the sound velocity v2 versus radial vector for χ = 0 (dash-dotted black curve) χ = 0.4
(dash-dotted red curve), χ = 0.6 (dash-dotted green curve), χ = 0.8 (small dash-dotted black curve) and χ = 1 (yellow curve).
we have analyzed the configurations from χ = 0 to χ
reasonably high. As applied to compact non-rotating
stars, the field equations are solved by applying Gupta-
Jasim two step method (see review for details discussion
[41, 43]). Here we report some progress in this direction:
we derive modified field equations and address issues re-
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TABLE IV. Comparative study of physical values of the compact star in f(R, T ) gravity and GR for C = 0.831 × 10−1 Km,
mass = 1.3M⊙ and K = 2 for different χ.
χ Radius Central pressure Central density Surface density M −R Ratio Surface redshift
R(km) peffc (10
34dyne/cm2) ρeffc (10
14gm/cm3) ρeffs ( 10
13gm/cm3) 2M
R
(Z)
0.0 8.849 3.46718 2.66334 1.49764 0.433382 0.32850
0.4 9.171 3.65329 2.54813 1.32607 0.41816 0.33323
0.6 9.331 3.73173 2.49457 1.25027 0.411 0.33545
0.8 9.491 3.80177 2.44345 1.18012 0.40406 0.33759
1.0 9.651 3.8642 2.39459 1.11509 0.39736 0.33965
garding the choice of χ. This has been done for two
classes of models: the negative K and positive K. The
obtained results are summarized as follows:
• In our analytical approach for K < 0, we found
that our stellar model is free from any geometrical
singularities. In figs. 1-4, we have shown all the
criteria for stellar structure as described in the in-
troduction. The results of calculations are given in
Table I. We found that central energy density and
surface density is much consistent for both GR and
modified gravity with same magnitude. Also Table
I exhibits the central pressure, the surface redshift
and the mass-radius ratio for our predicted values.
We find that the radius of the star increase as the
coupling parameter χ increases, but the maximal
mass limit exists for χ = 0. In conclusion, taking
χ = 0 i.e. for GR the object becomes more com-
pact, dense and massive.
• In next, we have analysed the model forK > 2. De-
pending on the physical parameters, we have plot-
ted Figs. 5-8 together with the solution of the clas-
sical GR (χ = 0). Independently from Table II one
can see the decreasing value of the central and sur-
face density, central pressure, surface redshift and
the value of 2M/R, with the increasing value of χ.
We find that variations in the parameters does not
effect huge to mass-radius relation, however, it in-
creases monotonically towards the boundary, as of
Fig. 6.
• For further precision we analyzed the model for
1 < K < 2. The mass-radius relation and the
variation of density and pressure with radius of the
star for this (R, T ) model are shown in Figs. 9-12.
It is worth mentioning that the difference between
central density and surface density is very high (in
Table III), which is also higher than any other com-
parative model. In the case χ = 0, we have the
central pressure is about 5.7 ×1035 orders of mag-
nitude larger than the χ = 1 for 4.7×1035. It is
clear that the masses and radii of the stars change
with the increment of χ.
• Finally, in Figs. 13-16 and Table IV we show the
effects of f(R, T ) theory in compact star proper-
ties obtained with the K = 2. It is clear from Fig.
14 that, for relatively small value of χ the model
acquire more masses but these value is less than
GR. Analyzing the maximum mass and its respec-
tive radius found in each curve we determine that
these values could change from 2% to 10%. Also,
for small small value of χ, the velocity of sound is
smaller than unity.
For the sake of comparison with the results in the
literature, we arrived at conclusion that among the four
models, it is notable that, for 1 < K < 2, we obtain the
maximum density of order 1015gm/cm3 and pressure
1035dyne/cm2 of star. We found that for describing
χ, the total gravitational mass increases and reach at
maximum when χ = 0 i.e. GR case. The radii of sphere
is around around nine km for realistic values of χ. It
appears that self gravity has more pronounced effect on
the gravitational mass because high mass configurations
are obtained only when χ = 0.
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